since shown to be most probable by the physico-chemical studies of Mr J. C. Gage (to be published), th at it exists as a pseudotriazole (X III) involving a hydrogen bond.
Clearly such a structure, although not a metal complex, still bears a shape relationship with the porphyrin type (e.g. upper half of X II), and may thus inter fere in biological reactions involving a porphyrin-containing system without itself being associated with a metal ion.
So far, the small amount of biochemical work carried out in these laboratories to check this suggestion has not afforded any support for it. Dr Madinaveitia has not discerned any interference with a root peroxidase system, nor does proguanil ; specifically inhibit the growth of H.
i n f l u e n z a e , which organism requi haematin in the culture medium. Some inhibition does occur, but this was shown to be due to the formation of a sparingly soluble salt between the drug and haematin, a property also exhibited by quite a range of other cationic substances.
It is known, however, th a t the heavy metal catalysts of the Warburg-Keilin cytochrome system are almost certainly involved in the respiratory mechanism of the malaria parasite, and the pigment of Plasmodium knowlesi and P. gallinaceum has been confirmed (Rimington, Fulton & Sheinman 1947 ) as haematin.
If the possible significance of the porphyrins in relation to the anti-malarial activity of the diguanide derivatives could eventually be supported by experi mental evidence, then since the latter were in turn closely derived from the earlier 'riboflavin-simulating' type, it is tempting to suggest th a t the flavin systems also bear some structural relationship to those of the porphyrin group. The close associa tion of the two types in enzymic dehydrogenase reactions might then be viewed in a light, which so far as the author is aware, would be novel. At this stage of our knowledge, further speculation would be idle, but on a purely chemical basis it might be stimulating to conclude by pointing out one potential point of resemblance, namely, th at the riboflavin molecule contains a system in the 4-hydroxyisoalloxazine residue potentially capable of chelating a metal atom (compare Albert & Magrath I947)-G e n e r a l d is c u s s io n J. W a l k e r The idea of a drug interfering with the utilization of an essential metabolite is older than the subject of chemotherapy itself, and probably celebrated its fiftieth birthday about a month ago. In 1898 Ehrlich, in a letter to his cousin Carl Weigert, indicated clearly the conception which has attracted so much attention in recent years. In his example Ehrlich pictured, for the sake of argument, an aldehyde group protruding from a cell having the particular function of fixing a specific nutritional factor for th at cell. He then pictured a harmless compound, circulating in the blood, having the property of combining with this aldehyde group and so rendering the latter unavailable for its normal role. He goes on to say th at the cell in this specific way must go hungry and can only survive if it can throw out another side-chain carrying an aldehyde group (Heymann 1928) . In modern nomenclature, a drug may occupy the site on an enzyme normally utilized by an essential meta bolite and, as Fildes pointed out in 1940, if the drug is similar to the metabolite in general structure, yet not sufficiently similar to have the same biological action, it has a good chance of interfering with th at metabolite by competing with it for its enzyme. I do not know if any writers on this subject go beyond this and enquire what happens to the drug, but it was suggested by Andrewes, King & Walker (1946) in discussing the action of p-sulphonamidobenzamidine and related compounds in experimental typhus th at these drugs were incorporated into functionally useless structures by the organism with consequent squandering of its synthetic resources. Such a view may sound heretical to many enzymologists but we have a good analogy in the work described from the Lilly Research Laboratories (1945) , where unnatural phenylacetic acids were presented to Penicillium notatum, either as ethanolamides or as amides with DL-valine, with consequent production of analogues of penicillin G in which the phenylacetyl group of the latter has been replaced by the corres ponding acyl radicals from the unnatural phenylacetic acids; incidentally, it would be a great convenience in the nomenclature of the penicillins if a trivial name could be adopted for the amine of which penicillin G is the phenylacetyl derivative. Similarly, with the knowledge that p -aminobenzoic acid turns up in the folic acid molecule, it seems likely th at sulphonamides may be built up into functionally useless structures and th at they do not merely compete with p-aminobenzoic acid for a site on the enzyme utilizing p-aminobenzoic acid in the fashion of a game of musical chairs. Forrest & Walker (1948) have suggested th at the three carbon atoms of pteroic acid indicated in heavy type may be derived from a triose, and the suggestion by O'Meara, McNally & Nelson (1947) th at the strongly-reducing non-sulphydryl sub stance found in bacterial cultures during the logarithmic phase of growth might be reductone, CHO .C(OH):CH(OH), seemed to us to be significant in th at connexion.
O'Meara and his co-workers suggested th at p-aminobenzoic acid acts as a stabilizing agent for reductone in bacterial metabolism, enabling the cell to store reductone and to utilize it as required, presumably after hydrolysis of the reductone-^-aminobenzoic acid condensation product to free reductone. They also suggested that sulphonamides interfere with bacterial growth by combining with reductone and preventing it from becoming available for the use of the cell. Another possibility which presents itself is that, in normal bacterial metabolism, p-aminobenzoic acid and reductone are first linked together and then incorporated into pteroic acid and the other factors of this group, such as pteroylglutamic acid, whereas, in sulphonamide bacteriostasis, the drug combines with reductone, and the condensation product is incorporated into a biologically inert analogue of pteroic acid.
Using the condensation product of reductone with methyl p-aminobenzoate we have obtained pteroic acid on condensation with 2:4:5-triamino-6-hydroxypyrimidine, and similar condensations with a variety of sulphonamides have iprovided corresponding compounds in which the carboxyl group of pteroic acid has been replaced by the appropriate substituted sulphonamide groups. Our colleague, Miss Horton, has examined two of these, namely those with an unsubstituted sulphon amide group and a methylsulphonyl group respectively in place of the carboxyl group of pteroic acid, and both act as antagonists of pteroic acid and of pteroylglutamic acid in cultures of a strain of Streptococcus lactis requiring one or other of the latter two substances. We have now extended this study to include the analogue of pteroylglutamic acid in which the -CO. NH-linkage has been replaced by the !-S02.NH-group, but no biological results are yet available.
A . A l b e r t Although oxine (8-hydroxy quinoline) has been used as an anti-bacterial since 1895, its mode of action remained obscure until recently. H ata's (1932) suggestion, that oxine combines in the one molecule all the virtues of phenol and quinoline, could hardly be classed as a scientific explanation.
In some work which I carried out in Australia in collaboration with Rubbo, Goldacre & Balfour (1947) , it became apparent th at oxine was injuring bacteria by combining with trace-metals present in either the medium or the organisms. Oxine has been used for some years by analysts to de-ionize solutions of metallic salts by the type of combination (known as chelation) which is shown in figure 3 . The metallic ions, when bound in these complexes, lose their inorganic nature and begin to resemble organic substances, e.g. the complexes become soluble in chloroform.
Chelation complex of oxine and divalent metal F ig u r e 3.
The biologically interesting metals chelated by oxine at pH 7 were found (Albert & Gledhill 1947) to be copper, cobalt, lead, zinc, cadmium and manganese (all strongly) and iron (less strongly), whereas magnesium and calcium were hardly chelated at all except in alkaline solutions. This survey was extended to 45 derivaVol. 136 . B.
tives of oxine (Albert & Magrath 1947) and it was found ) that there is a strong correlation between chelation and anti-bacterial activity. For example, the six isomerides of oxine do not chelate and are not anti-bacterial, whereas oxine which chelates strongly is anti-bacterial against Gram-positive bac teria* a t a dilution of m /1 0 0 ,0 0 0 . Again, neither the O-methyl-ether of oxine nor the A-methyl (quaternary) derivative can chelate and neither is anti-bacterial.
Assuming th at oxine acts by withdrawing an essential metal from bacteria, it was hoped to discover the nature of this substance by seeing which metal could prevent oxine from acting. The result was more clear cut than we had expected, because only cobalt was able to prevent the action of oxine on Gram-positive organisms whereas this metal had almost no effect on Gram-negative rods; the latter, however, were protected from the action of oxine by either copper or zinc. I One possible interpretation of these results is th at cobalt may have some important function in Gram-positive organisms.
So far, only bacteriostatic tests have been discussed, but bactericidal tests gave results which were much more clear cut. A dilute solution (m / 5 0 ,0 0 0 ) of oxine is completely lethal in about 20 min. to a dense culture of Staphylo coccus aureus, but a more concentrated solution (m / 3 0 0 0 ) is not completely lethal in 24 hr. I need not emphasize th a t it is unusual for a disinfectant to become weaker as its strength is increased ! At this stage, the following hypothesis was formulated: 'Oxine may act in dilute solution by removing a protecting metal (e.g. cobalt), thus exposing the bacteria to the action of a second metal which catalyzes the oxidation of the chemical group which the former metal protected. Stronger solutions of oxine may protect the organism by also removing the destructive m etal. ' The following results, which Professor Rubbo has recently obtained, suggest th a t the injurious metal is (ferrous) iron and th a t the organisms actually die of iron poisoning. When the usual broth medium was repeatedly shaken out with oxine and chloroform (12 times each, in alternation), it apparently became highly deficient in iron. Staphylococci still grew in it, but neither strong nor weak solutions of oxine could kill them. When, however, a trace of ferrous sulphate was added they at once became vulnerable to weaker solutions of oxine, although ferrous sulphate on its own was harmless. Again, staphylococci would live for some time in triple glassdistilled water, and in this liquid they were not vulnerable to oxine. However, they became vulnerable as soon as a trace of ferrous salt was added.
Iron-poisoning has been discussed lately in another branch of biochemistry. Racker & Krimsky (1947) have suggested th a t encephalomyelitis virus acts by transporting ferrous ions across the blood-brain barrier and they have shown (Racker & Krimsky 1948 ) th a t iron strongly and specifically inhibits the oxidation of phosphoglyceraldehyde in normal glycolysis. We should be very interested to hear of other specific examples of poisoning by iron.
If the above case for metal-metal antagonism can be further substantiated, it will establish in chemotherapy a phenomenon th at is already well known to workers in agriculture and animal husbandry. 
M. S t a c e y
In considering the method of approach to an understanding of the mode of action iof anti-bacterial agents it is a striking fact th at members of the Gram-positive group are in general more readily affected than those in the Gram-negative class. It is felt th at a knowledge of the chemistry of the magnesium ribonucleo-protein is a prerequisite to further research. This nucleoprotein belongs to the class of auto synthetic molecules and contains enzymes or factors responsible for biomolecular ^synthesis of macromolecules including capsular polysaccharides, j Bacterial growth is essentially the uninterrupted building up in an orderly fashion iof big molecules, i.e. it involves very largely 'biomolecular polymerization'. Where (proteins are concerned it involves also the specific assimilation of amino-acids. (There is a delicately poised balance between the build-up or polymerization systems and the breakdown or lytic systems. Any chemical substance which can interfere with any one of the build-up systems may affect bacterial growth and disturb at least some function, e.g. the virulence of the invading agent. This is particularly so with capsular polysaccharide synthesis. At least one strain of leuconostoc species needs P.A.B. for polysaccharide synthesis and it is tempting to speculate th at the (pneumococcus may need P.A.B. for capsule production and th at the sulphonamides i act by inhibiting the capsule formation by exclusion of P.A.B.
It has been shown th at a minute dose of penicillin will cause remarkable snakellike forms of Cl. welchii. I t has been demonstrated th a t the ratio and amounts of (the two forms of nucleic acid in these organisms are unaffected by the drug but th at proteins are altered-possibly to forms having a more fibrous structure. I t appears that in such an unnatural system involving the biomolecular polymerization of amino-acids to proteins, a 'chain breaker' is lacking. I t might be th at if as Gale has shown, penicillin can exclude the uptake of glutamic acid, then this amino-acid itself may be a chain breaker in a certain specific sequence of amino-acids.
A further point of note is the fact th a t the magnesium ribonucleate of the Gram complex contains magnesium in a co-ordinated state whereas Gram-negatives con tain only ionic magnesium.
The mechanism of magnesium intake must now be studied because its partial exclusion during growth also causes in Cl. welchii the generation of snake-like forms which are unsegmented.
Here again it is clear th at magnesium plays a vital role in biomolecular poly merization.
